Membrane glycoprotein with high M, (HMr-MGP) was purified from neuraminidase-treated Triton X-100-solubilized human milk-fat-globule membranes by peanutagglutinin (PNA) affinity chromatography. The high carbohydrate content (75%o), blood-group-A activity and typical monosaccharide composition (L-fucose, D-galactose, N-acetyl-D-glucosamine and N-acetyl-D-galactosamine in the proportions 0.26:1.00:1.85:1.30) indicate that the isolated HMr-MGP is a mucinous substance.
and also for some general membrane antigens such as HLA antigens and blood-group-like substances (Springer et al., 1975; Newman et al., 1980) . The prdsence of the T (Thomsen-Friedenreich)-antigen has been demonstrated on the surface of MFGMs, on the apical plasma membranes of lactating-mammary-gland cells and even on breast-cancer cells by the use of anti-T antibodies (Springer et al., 1980) and by the lectin PNA (Klein et al., 1978; Newman et al., 1979) . This latter was shown to possess a selective affinity to the disaccharide D-galactosyl-fl-(l-3)-Nacetyl-D-galactosamine, which is also the immunodominant group of the T blood-group antigen (Kim & Uhlenbruck, 1966; Uhlenbruck et al., 1969; Lothan et al., 1975; Newman & Uhlenbruck, 1977) . Since the expression of free or neuraminic acid-substituted PNA-binding sites had been proved to be a useful marker for the secretory activity of breast cancer, which in turn showed a positive correlation with the susceptibility of these tumours to hormonal treatments (Klein et al., , 1983a ,b; Vierbuchen et al., 1981) , there is a Vol. 224 continuously growing interest in the structure and function of the PNA-binding glycoprotein components of the apical membranes of activated mammary-gland cells. Until now the existence of six or seven different glycoprotein components has been demonstrated in bovine as well as in human MFGMs (Kobylka & Carraway, 1972; Murray et al., 1979) by SDS/polyacrylamide-gel electrophoresis. The three major glycoprotein components of human MFGMs, with Mr values of 155000, 70000
and 39000, and a fourth, of M, 67000, named butyrophylin, were isolated and analysed in detail by Imam et al. (1981 Imam et al. ( , 1982 and by Heid et al. (1983) respectively.
Apart from these glycoproteins, purification and chemical characterization of other glycoproteins has not been achieved. The high mannose content of the purified glycoproteins is indicative of alkalistable asparagine-linked oligosaccharide chains. Since galactosamine was not demonstrable in them, it is very unlikely that these glycoproteins could be identical with the PNA-binding glycoproteins of MFGMs.
We now describe the isolation of a high-Mr mucus-type membrane glycoprotein (HMr-MGP) by PNA affinity chromatography and gel filtration from neuraminidase-treated human MFGMs. Investigations on the monosaccharide and oligosaccharide composition of the isolated HMr-MGP are included. We also report on the application of an antibody raised against the purified glycoprotein for the comparative histochemical study of the antigenic determinants of HMr-MGP in normal and malignant tissues.
Materials and methods

Materials
Human milk was obtained from healthy volunteers in established lactation and was stored at -20°C. Purified (Keenan et al., 1977 Gel filtration All manipulations during this experiment were carried out at 4°C. A column (1.5 cm x 100cm) was packed with Bio-Gel Al.5m and equilibrated with buffer B, which also served as the running buffer. A flow rate of 10ml/h was maintained. The fractions eluted at the peaks were pooled, dialysed and freeze-dried.
Monosaccharide and disaccharide analysis A Hewlett-Packard 7620 A gas chromatograph containing OV 17 (3% on Gas-Chrom Q) and OV 225 (3% on Gas-Chrom Q) columns (0.25 cm x 2 m) was used. The isolated glycoproteins (1 mg) were hydrolysed in aq. 3M-HCI for 4h, and, after reacetylation and trimethylsilylation (Sweely et al., 1963) , were applied to the column. The temperature of the column was raised from 1 20°C to 240NC (4°C/min). Isoerythritol (30pg) was used as internal standard. Molar proportions of monosaccharides were calculated by using molar adjustment factors for each monosaccharide standard relative to isoerythritol (Clamp et al., 1971 ).
Alkaline-borohydride treatment and analysis of the liberated oligosaccharides
HMr-MGP (8mg) was treated with 0.05M-NaOH containing 1 M-NaBH4 for 24h at 50°C. ,BElimination and reduction was stopped by adding 3M-acetic acid. After Dowex 50W X8 (H+ form) chromatography and repeated evaporation from acidic methanol, the released oligosaccharides were dissolved in distilled water and applied on to a Bio-Gel P-2 column (136cm x 3 cm). The flow rate was 24ml/h. Fractions (4ml) eluted with distilled water were assayed for carbohydrate content.
Analytical procedures
Protein was determined by the method of Lowry et al. (1951) or, in the presence of 1% (v/v) nonionic detergent, by the modification described by Dulley & Grieve (1975) , with bovine serum albumin as standard. Carbohydrate content was measured by the method of Dubois et al. (1956) .
Ouchterlony double-diffusion experiments were performed in 1% (w/v) agarose gel dissolved in buffer B and were allowed to develop at 4°C for 24h.
Serological techniques
Agglutination assays with intact MFGs were performed as described by Farrar et al. (1980) . Briefly, saline-washed MFGs were resuspended in phosphate-buffered saline, pH 7.3, to give an A700 of approx. 2.0 when read against water blanks.
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Solutions of PNA or antiserum (20pl) and suspensions of MFGs (20pl) were mixed and incubated in a humid chamber at 22°C for 30min.
Haemagglutination-inhibition assays were performed to detect blood-group-like substances in the various fractions isolated from MFG Ms. The isolated glycoproteins (2mg/ml) and their several dilutions were preincubated with the haemagglutination titres of anti-blood-group-A and anti-blood-group-B antibodies (Biotest, Frankfurt, W. Germany) and of anti-blood-group-H phytoagglutinin (Behringwerke) for 30min and then mixed with 2% washed, packed, human AB-groupor 0-group erythrocytes. Electrophoretic techniques Rocket immunoelectrophoresis was carried out in 1% (w/v) agarose gel made up in a barbital/Ca2+ buffer system [2.8 mM-barbital (5,5-diethylbarbituric acid)/15.9mM-sodium barbital/2 mMcalcium lactate, pH 8.8, containing 0.1% Triton X-100]. Gels containing 10-15 4ul of antiserum/ml of gel were electrophoresed (2 V/cm of gel) at 4°C for 14h.
Polyacrylamide-gradient (10-20%)-gel electrophoresis was performed in the presence of SDS and 2-mercaptoethanol as described by Anderson & Anderson (1977) . Gels were stained with ServaBlue G or with the periodic acid/Schiff reagent.
Production or antiserum
Antibodies directed against HMr-MGP of MFGMs isolated by affinity chromatography and purified by gel filtration were raised in New Zealand White rabbits by repeated subcutaneous injection at 2-week intervals of delipidated glycoprotein (200pg) dissolved in buffer B (500 jil) and emulsified with an equal volume of Freund's adjuvant. Samples of blood were taken from the peripheral ear vein before the initial injection and at monthly intervals during the injection programme. Serum was heated at 56°C for 30min, centrifuged at 100OOg for 10min and stored at -20°C until required.
Immunohistochemical studies
Formol-fixed paraffin-embedded and re-hydrated sections of normal and malignant breast and several other tissues were pre-incubated with bovine serum albumin (1%), washed with phosphate-buffered saline and incubated with the antiserum from rabbits at 1:100 dilution for 30min. After repeated washing in phosphatebuffered saline, the bound antibodies were detected by incubating the sections with either fluorescein isothiocyanate-or horseradishperoxidase-labelled anti-rabbit antibodies (Dako, Copenhagen, Denmark). Parallel sections were labelled with non-immune rabbit serum, followed by the labelled anti-rabbit serum. The peroxidase reaction was performed with 3-amino-9-ethylcarbazole (Sigma Chemical Co., St. Louis, MO, U.S.A.) as substrate. The specificity of the immunohistochemical reaction was confirmed by absorption of the antibody either with whole MFGs or with the purified HMr-MGP antigen.
Results
Isolation and enzyme treatment of MFGMs
Since PNA-binding sites on MFGMs are known to be masked by terminal sialic acid residues ,' the isolated intact MFGs were pretreated with neuraminidase in order to liberate all the binding sites for the lectin. The effectiveness of the treatment was checked by lectin agglutination assay (Farrar et al., 1980) . Although the untreated MFGs were not agglutinated by PNA, they were promptly agglutinated even at 64-fold dilution of the lectin after neuraminidase treatment. The MFGs were then homogenized (see the Materials and methods section) and the isolated membranes were solubilized with the buffer containing 1% Triton X-100. About 30-40% of the membrane proteins were dissolved by this procedure. The dissolved glycoproteins were freed from the bulk of contaminating proteins by repeated ethanol (75%) precipitation. The presence of PNA-binding glycoprotein was followed by Ouchterlony double diffusion during the whole isolation procedure (Fig. 1) . Lectin affinity chromatography, gel filtration and electrophoresis After fractiQnation on the PNA column, about 5% of the Triton X-100-solubilized membrane proteins and about 20% of their carbohydrate content were specifically bound by the lectin, which could be eluted by adding 0.2M-galactose to the elution buffer (Fig. 2) . Chromatography of the crude membrane proteins on Bio-Gel A1.Sm produced two peaks on elution. The minor peak was eluted with the void volume, indicating an M, of more than 500000 (Fig. 3) . It contained about 75% carbohydrate and was precipitated by PNA in Ouchterlony double diffusion (Fig. 1) . This component also possessed blood-group-A activity, as revealed by a titre of 1:32 in the haemagglutinationinhibition assay. An inhibitory effect on the agglptination of B and 0 erythrocytes could not be demonstrated. The second peak contained lower-M, glycoproteins, which, however, were not precipitated with PNA in agarose gel. When the affinity-isolated component was applied to a BioGel Al Sm column, it was eluted exclusively in the first peak. The isolated glycoprotein did not enter Fractionl no. Fig. 2 . Lectin affinity chromatography of MFGM glycoproteins on PNA-agarose int the presence of 0.1% Triton X-100 Human MFGM glycoprotein (250mg dry wt.), isolated from neuraminidase-treated Triton X-100-solubilized MFGMs (details are described in the Materials and methods section), was applied to a PNA-agarose column (bed vol. 10ml). Unbound membrane proteins were removed by washing with Tris-buffered saline, pH 7.3, containing 1 mM-CaCI2 and 0.1% Triton X-l00. Bound material (about 10% dry wt.) was specifically eluted by the addition of 0.2M-D-galactose (Gal) to the buffer. Subsequent elution with buffer containing 0.5M-D-galactose produced no further release of proteins. Samples (2ml) of fractions were assayed for protein by the modification of the Lowry procedure (Dulley & Grieve, 1975 which were liberated by alkaline-borohydride treatment, were separated into seven fractions by chromatography on a Bio-Gel P-2 column, which had been calibrated with a mixture of glucose oligomers ranging from one to 12 hexose units (Fig.  4) HMr-MGP (8mg) was treated with 0.05M-NaOH containing 1 M-NaBH4 for 24h at 50°C. ,B-Elimination and reduction was stopped by adding 3M-acetic acid. After Dowex 50W X8 (H+ form) chromatography and repeated evaporation from acidic methanol, the released oligosaccharides were dissolved in distilled water and applied on to the BioGel P-2 column (136cm x 3 cm). Samples (4ml) of fractions were assayed for carbohydrate content by the method of Dubois et al. (1956) . Horizontal bars numbered from 1 to 7 indicate oligosaccharide fractions with various chain length from deca-to disaccharides. The numbers on the vertical arrows indicate glucose units in the applied glucoseoligomer standards. Table 1 . Molar ratios of monosaccharides in glycoprotein fractions isolated from human MFGMs Molar ratios were calculated by using molar adjustment factors for each of the individual monosaccharides relative to the internal standard (Clamp et al., 1971 Vol. 224 represented saccharide alditols, the size of which ranged from three to approx. 13 hexose units (corresponding to di-to approx. deca-saccharides, if the experimentally based assumption is made that N-acetylhexosaminyl residues in general behave like two glucose units). In these oligosaccharide fractions L-fucose, D-galactose, Nacetyl-D-glucosamine and N-acetyl-D-galactosamine were detected by g.l.c. N-Acetyl-D-galactosaminitol was present in all fractions, indicating that they were cleaved by reductive fl-elimination. The high L-fucose and N-acetyl-D-glucosamine content of fractions 1-5 is characteristic of mucinlike carbohydrates, the structure of which should be similar to soluble fucose-containing saccharides isolated from human milk (Egge et al., 1983) .
(Detailed data on the chemical composition of these oligosaccha rides are not included in the present paper.) Fractions 6 and 7, corresponding to three to four glucose units, contained disaccharide alditols. Fraction 7 proved to be homogeneous, containing only D-galactose and N-acetyl-Dgalactosamine in a molar proportion of 1: 0.5, and showed a relative retention corresponding to our Dgalactose-fl-(1-3)-N-acetyl-D-galactosamine standard. The amount of this disaccharide was, however, very low (1% of the carbohydrate chains of the whole HMr-MGP).
Immunological characterization of HMr-MGP Antisera directed against the HMr-MGP, which was isolated by PNA affinity chromatography and further purified by gel filtration, agglutinated the native as well as the neuraminidase-treated MFGs equally. Analysis by rocket immunoelectrophoresis revealed one marked precipitin arc with the total detergent-extracted MFGMs and the corresponding PNA-affinity-isolated HM,-MGP.
The antiserum was also used for preliminary immunohistochemical studies in order to investigate the distribution of antigenic determinants of HMr-MGP in normal as well as in malignant breast tissues. The antibody gave a strong reaction with cells of the normal lactating mammary gland (Fig. 5) , and also reacted very intensively with breast-cancer cells (Fig. 6) . Moreover, some other tissue components, i.e. the apical membranes of fundic glands in normal gastric mucosa, as well as .,,;,, >~~~~~MjjW that of carcinomatous gastric tissue, the distal tubuli of human kidney and some cells of histiocytic origin, were also labelled by the antibody raised against the HMr-MGP of MFGMs. In this respect it is specially noteworthy that these latter structures also possess an affinity for the labelled PNA lectin.
Discussion
The present study demonstrates that PNA affinity chromatography is a valuable method for the purification of a HM,-MGP from neuraminidase-treated Triton X-100-solubilized MFGMs.
This HMr-MGP differs significantly in its M, and carbohydrate composition from EMGP-70, EMGP-39 and EMGP-155 and also from butyrophilin, which were previously isolated in a pure form from human MFGMs (Imam et al., 1981 (Imam et al., , 1982 Heid et al., 1983) . The HMr-MGP is characterized by a high content of hexosamines (see Table 1 ). According to our investigations, all the N-acetyl-D-galactosamine content of MFGMs, which has been shown to be a constituent of these membranes (Glockner et al., 1976) , is localized in the HMr-MGP. The PNA-binding capability of the isolated HMr-MGP was also emphasized by double-diffusion experiments. Since PNA is known to bind selectively to the disaccharide D-galactosyl-P-(1-3)-N-acetyl-D-galactosamine (Lothan et al., 1975), our findings indicate that this disaccharide is present in a high density in the isolated glycoprotein. The Sloane & Ormerod (1981) and Ormerod et al. (1982) . By using the antibody directed against the pure HMr-MGP, antigenic determinants were demonstrated in some other epithelial tissues, which were also shown for the distribution of EMA (Sloane & Ormerod, 1981 (Fischer et al., 1984a,b) .
Another very similar glycoprotein, the Ca 1 antigen, has been isolated via wheat-germ agglutinin affinity chromatography from a laryngealcarcinoma cell line McGee et al., 1982) , and the antibody against it was suggested to be useful as a general carcinoma marker (McGee et al., 1982) . This hope was, however, disappointed by more recent investigations, showing that the antigenic determinants are also present on some activated normal and benign tissue samples (Faradinas et al., 1984; Lloyd et al., 1984; Fergusson & Fox, 1984) , among others including breast tissues (Clough et al., 1984) .
Similarly, a high-M, sialoglycoprotein was isolated from rat ascites mammary-adenocarcinoma cell lines by using density-gradient centrifugation by Sherblom et al. (1980) . The carbohydrate composition of the purified compound shows striking similarities to our HM,-MGP. Moreover, Steck & Nicolson (1983) reported a 580000-M, glycoprotein with PNA-binding ability in rat mammary adenocarcinoma, the appearance of which correlated with the metastatic potentials of the various cell clones.
The functional role of these HMr-MGPs of human MFGMs and rat mammary-carcinoma cell lines is still unknown, but it has been shown by histological techniques that the distribution of free and sialic acid-masked PNA-binding sites correlate well with the functional degree of mammary development and with the secretory activity of rat mammary cell lines . Investigations on a larger scale of human and of N-nitrosomethylurea-induced rat mammary carcinomas revealed evidence that the amount of PNA-binding sites depends on the secretory status of the tumours and is closely related to the expression of hormone receptors on them. Therefore the appearance of PNA-binding sites may be indicative of the hormone-susceptibility of the individual tumours (Klein et al., 1983a,b; Vierbuchen et al., 1983) . These studies, however, could not detect a clear-cut relationship between the existence of PNA-binding sites and the metastatic potential of the tumours, which was suggested by Steck & Nicolson (1983) from their studies on 1376NF mammary-adenocarcinoma clones. The occurrence of the PNA-binding HMr-MGP in MFGMs derived from normal lactating-mammary-gland cells, and probably also in some other secretory epithelial cells, as indicated by the positive immunohistochemical reactions with the anti-HMr-MGP, suggest a special function of this glycoprotein in the secretion process.
